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Slope-Deflection Equations Development for Imperfect
Beam-Column and Semi-Rigid Connection,
Considering Shear Deformation

M. Fathi, N. Shahlaei, M. Parvizi

Abstract

Nowadays various soft wares are used to design steel structures. The theory of steel structures design, however, is still
the base for different soft wares. Studying the stability of columns as important parts of a structure is very important.
Usually geometrical deficiencies in the process of installation, such as Nashagholi, decentralization, column deviation
and also the effect of shear deformations in computational relations, all lead to some deviations in the design accuracy.
Therefore in this article, by considering the effects of shear deformations, the stability of columns or semi-rigid
connections with initial imperfection have been studied and the related slope-deflection equations have been extracted
and proposed. And thereafter, by means of ABAQUS software and modelling the three models of column, one-story
frame and three-story frame, the accuracy and validity of the proposed relations were confirmed.

Keywords
Slope-deflection equations, Timoshenko column, Initial imperfection, Semi-rigid connections, Stability

£0/ 390 g ojlw (ilagh) ¢ ol yplt

W (il 9 )lo) - pgu g Cuy (50)loud - po>lb


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

Lol sl Gl oSS L Py = (WRED/I? S
5 Sl SaVI 5o G 5 E ge G20l Spe S2iles b
IR e 3 g e e GA G ED (G e
Graled ) Sl 58 Sl b (1) IS s e sl
Qjﬁﬁéjm);\)duwwoju&ﬁl.m;&
() K5 llae Ll 4 pds s Uy O 5] G
M 5 oo o N (G S Q&S ey ol
o p el ) o S SOl ol e S
A3 o Sus e b shp o s Ol (655 s
S

Db odsh @l 1 s s VAT Jl s 58 S
shy bl L3 gl IS8 s Lag e (HS s Sl

PEuler

2 — _ " Euler
Engesser (1 N PEuler) x)

GA,

el sal () ISE s WSl g ols B

Sasp 3 oo chbe oo ) Gose S sl
M@fﬁﬂ;‘dﬂl‘“"u&"b@f

M
N Q+dQ
M+dM
Q N+dN

J*i"i)u’ RIT-A (=

Slb 3y S8 i Cod g sz Ol Y S
cSple 5 S 5,8

Golgdn - OYslas Y
el pdy Ollanl SVl L S pes ey 53 O
Ue oS0 5l ot 5 Up Js8Lal 5 Up adsl bl syl
Sl b e LS b s 1 (Y) IS s e esls gl

Sn B dl—@;‘d‘gu’:)\ﬁ&w}[{b}l{a Q}L«ﬂj}@\)})

.&Aﬂ-ﬂ‘

e —\

5 Wlson ey 65%hs 1410 Jlu 55 il (ot S Vslas
Ll s Moo slp see oy S Olse 4 [V ] Maney
sy e s S &l Ol sla sl Cos e YL
S [YIWilbur 5 Norris Lw o SIS col- ol SV¥sles
5 Georgios .as i S Ly Lo Jlasl b gla o3l Lo
Sy slasle (il cod Vsl 5l eslanad L [Y] Charis
skl o o aes Jlal b glasl Sl e sl
A3 S Al s sleml e e g Bl s s
SO, e 5l [E] Marchis 5 Chiorean
3 e (o G351 Dlrs Claal L |y (5 5k b
[0] Avristizabal-Ochoa |y 5l JUl petem ST sl Javs den
Sedpe b, Sl 1y pas ai e D3l ol SVl
Yole Jle s gpmen 3l €l Clo e SVl L
Sl 1y Sl ol p g3 45 e DYalee [1] Avistizabal-Ochoa
eVl 5 sl e sl I sl sl s
3l eslawad L [V] Charis 5 Konstantinos .sls &1, o aed
SVl Loy Sl e slasl gl il s OV¥sles
Lils boglasl lp ly Shis e il (o aad
dae slael 23Sl 6l 5 L5l Cdy il (550
L [A] Aristizabal-Ochoa .15 s sslizul LT 5 a0 s 4
5 Sl gl sl 2 GOLSS ss SG Sl eslinad
s G ek b o aas latladsl ai 36l
on BOse Sl s 2 b ess 4 e G IS o
SVslee a4 gloslil B o el Slids s Ll
53,5 S s byl el sbls glasl ¢l cdlbcps
Alis b 5o 1 el slid Clo and VLl 5 L3y
Loadsl el bl oy ¢l dl ol OVslee
93 Slee o pd i I 05 S bl L o aas YL
el 0l SV ] oKl 5 [4] S0 (5555

oKzl 5 Sl iS55 Y

b hn G SS ads 85 R s gl Ll sl
Wogie @lp sl (2lS Jsep ol LAY .S

S Gl Sl sl sl s 5 e sl 28 S e

2l Bl O g
Pg
Por.=— 5~ o)
1+(z4)

2go 9 ojlw (g 9 polc il /66

W (il 9 )lo) - pgw g Cuuy (50)laud - a3l


http://unal.academia.edu/DarioAristizabalOchoa
http://unal.academia.edu/DarioAristizabalOchoa
http://unal.academia.edu/DarioAristizabalOchoa
https://www.sciencedirect.com/science/article/pii/S0020740314003671#!
https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

—b +Vb?% — 4ac (1)

M, = P[uec(x) + uc(x)] a

d?u,
dx?
u‘f ‘uec(O) = uec(h) =0 S ‘la'l\j‘;‘ _)‘ oalaial L

BEI

£=-pP [uec(x) + asin (%)] (©)

(T o s (F) Wslas
2
[ . (TX
U (X) = masm (7) QY
L C/-w‘ J.v\‘).v 9 b)ﬁ LI:"‘)} PE ) B LSJU‘:'li CU ] aS

. . . Ph?
Slaguss il 5l i e e B 07 = o0

1
Buaringx = P )
1+ G

As
P

W)

(:B)Engesser =1- GA,
Q}Lw .}a.w} BE ;Ju:o;- J;Sl J= )\.\:La a (1) 4.]44‘) BE

Seplab jI-v-r
Sslal Slie 5 U =0 jio sl sledl Gl opl s
5 S Db Sl eslinad b ospd e (55 Uy O VU
O wil IS s b 5o O5t,d Gas ol b

:V_’Ub

D Ma=0 - @)

Mg+ My+P-A—Sy(A—uy)h=0

D M =0 - 0

(€) IS 50 A das jlx adol 5 dolas 5l eslinal L

U,y U
4 e,

adllas 550 O g Jols Glag 5 5 anl IS i IS5 -8 S

e/ Mg g ojlw ¢iitagh g ale Qpid

Sl 5 sSse adsl 2 gls O g losle Je =Y ISS

[A] oo il &S

oo 3 edsh Jelse Sl U Sl O ks (8L )

g 4 S a gl s 5 e ealizad 18 5 LT -
Slagg,ss sheslanad b OLL 53 s 9 345 f""“ | 52e0
Ogis oo 33 33 st 31 30 il ( wKusls 5 S

eyl slssl S V¥

L;‘)\J E) eJ}:\J V.:.EJ....M 5’\.«\5 L= g{i Q}L..: LSJSJA PR e
. . L. . . . TX
Ogm oS 255 o o5 1Al 350 0 iy a5 uc=asm(7)
)\ C}F 9 J),GL::L 5 o4 U 6..:‘}‘ Lol 6')\.} Las
:wlsﬁlflﬂ.myﬁlﬂ@uqﬁf

2
4 e, ™)
dx?
(1) S ol gl sl 31 5L Sl OMSe i 1y, S

M = —BEI

W (il 9 )lo) - pgu g Cuy (50)loud - po>lb


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

S 085 SeS 4 o gy —EF

du, dup du, (4)
dx +P dx +P dx

Q=V+P

Vz_w )
2l %=uf B) %=n%cos(n%) oesls bl
s
du, dup a
Q—P dx +PH+PT[ECOS(T[E)— (Y\)
M, + M, + PA
h
:r_i‘)b cwﬁj‘)]‘rg (\d‘) Ajblaﬂ)) b (5}.9 Q)L_\ﬁ
LA N (S
GAS I(ljx ISAS h (YY)
a X .t b)
nhcos(nh)+ Ph
o
A—up a ( x)
due A —T[ECOS TL’E
—pE (1 ()
v=pgtaml e,

Ph
d Z

(V) dobee 3 S22 0 by ool IS L
:r._).)\z (YY’) Ajbla.ﬂ DL

0= [ (o) - Speos (o) i+

1 1 X Mbh A — Up
[5 ~ sing cos ((p E)] WEI * h
2
L A X (¥8)
B [nz e X hcos(nh)] +
(Mg + My)h

1— B@?El
R A

h h

2R =9y s P0) =Yg 50 Ll s 5l eslizad b
:.Az_ﬂde s 5 slaole (8) IS8
sing — Bpcosp\ M h
Yo = (327)—
p4sing El
(simp jﬁw) Myh A —up P mp® a]  (vo)
Be?sing ) EI h w2 —@? h
~(1-p)[n7]
h
(sinfp - ﬁ(p) M,h
Bo?sing ) EI

(sin(p - ,[?(pcosqo) Myh 4 A—up
Bo?sing EI h

p=

ARV

ﬁ[ niaipzx%]m_ﬁ)[ng]

2

M, + M, + PA
My = Mg = ———"——+ P(te, +up(x)) OV
tom up(x) = % "y V.:leda
d?u,
El 24+ p =
B dx? +Pue, (OY)
Ma+Mb+P(A—up)
-M, x
h
el s g sles Ul
u,, (x) = Acos ( f)+15’sin ( f)—%
ep (ph (ph P ()

Mg + My, + P(A —up) (x)
P h
9 ueP(O) =0 (SoP kﬂl,& )\ oalaiul L

Al o s B 5 A glacol e, () = A —up

P’ 08)

B Mycos® + M,
- Psin®

21

M, x
U, (x) = ?acos ((p E) -
Mycos® + M, x\y M,
—ar?” by 2y (o)
Psing ((p h) pt
Ma+Mb +P(A—up)(x)

P h

SHLL g sl Ll ol g I oS 5 Y
(D) 5 (10) &Vsles 155 LT oo ol 3 eslizad b -

:ﬁ)ls 5035 &
M, x
() = g, + g, = 1c0s (93) -
Mycos® + M, | x\y M,
psmg o (07) -5+ -
Mg+ M, +P(A—u,) x
P (Z)

+ nz(pf(pz asin (%)

% = % —sin ((p %) _ 950 cos ((p %)] Mqh +

dx sing @BEI

1 1 x\] Mpyh A—up

—_ z VY
[(p sing cos ((p h)] @PEI * h + v

2
nme a x
r(pz X ZCOS (T[E)
S Ll

dug Q
e _ = (Q%Y)
o VYTt e

. . ol . . - . du
YV e 5l b O Y s e Cb.u ul)}>d—; Y
IS i sl 55 s @ 5 o S AL Ol

290 9 ojlw (iiing) 9 calc Qs /¢N

W (il 9 )lo) - pgw g Cuuy (50)laud - a3l


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

. P -
“ °JL.’)'> 1 ‘(.B)Haringx = 1/(1 +G_As) S l’.”l ).\
5 (T0) glazsle Slea Py 5 Yo 5 sss (V1) dlsles

u‘f “’<'i @ d:’-’) 95 f<> ;J)L.O LUNERY M‘)? Ry

Golgig Gl o OV¥slee -
Wy =0y =L Yu =6, - S T

a

Oy 3 e Sbe Jﬁ.w 4 Olg e |y (YO) 5 (YE) SYsles

13 el

sing — fecosp sing — By

B?sing hk, Bp?sing [ ] _

sing — B sing — Bocosp  EI |[M,] —
Bo?sing Bo?sing hk,,

[ 3 A—up 3 % B n(p a 1

gr|% = k, Ple—gp2 <p2 S ﬁ)[”h]

h A— P
[eb_ hup Pey /9[ 2%]_(1—ﬁ)[nh]

Pe, mp?
My] _El[A1n Are - _E_ﬁ[nz - ¢?
[Mb] h Az Azz] [ PelJ Tp?
o TP [ﬂz @2
sing — Bocosp sing — Bo
[Au Alz] _ [ Bop?sing ' hk, Bo?sing
Ay Ay sing — B sing — Bpcosgp
Bo?sing Bo?sing

Cows 23 Spgo a b Sl Sl 5 (o lasl

/9 _A_uP_ p’eqz, _
El @ h 4h(1 - z,)

My, =—A1 + A 2
h Te? a a h §120) a a
e RE I

0 A—up p’eqzq
El « T TR T ah(1-2y) El
My = 7A21 Tp? a a | T FAZZ
ﬁ[m'ﬁ] +(1=5) [ﬂz]

@lgty sladse (oo L
J5le S 53 Sileand Sl galedey buls) amielms Sl
o 3 skt el ot osliza] ABAQUS 5 5amms |35
55,8 Jte gy Wdlis ol 53 il ol elisd (65,18 Jlte
ke s dlail gl 5 e glaoldl Bl LS s O

£a/ 398 9 ojw (iiogh g Gale apil

ﬁ[w ﬂ -]

Om e 3L G0 Glallss s Wy 5 Y S -

Ay o oy 3 b SVslae (ke 28 s i

cRl 5,85 S 4 Jo By, —0-Y

0= P<1/)+ dup (Zj:) Ma+1|;llb+PA V)
Q=P¢+P—P+PT[—COS(T[£)—
Motdy4pd A)
h
P du, P
v GAS) T dx Ga, X0
(F5 - mrcos (ny) + M)
()
[+a-p]
i o))
ﬁ—u—thj
Ell o)
hky,

R R - PR U NS PR S JURCO VARG (PR RV

A—up p’eyz, \
El / % R 4h(1 — z,)

) +FM, (")

A-—up  ¢?eyz,

0 ——, 4h(1 - zp)

+FM, (')
m? —@? h
MB_}A k@)b@)jvi‘ﬁvgﬂmzb 9Zq

kcol. ) kcol. (Yo)

Z, = 5 Zp =
“ kcol. + ka b kcol. + kb

. . . . 4EI
A21 <A12 (A11 el O g d.:.a:- (e kCOl. = e S

A S gl Ot e ol Aoy s

W (il 9 )lo) - pgu g Cuy (50)loud - po>lb


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

It U'»’«‘ BLl
A= A,
M, + My + Phg=0 —

El El
Tga(All + Az + 791;(1412 +4y,) —

ElI( ¢?e,z,
r2\ah(1 -z,

EI( pleyz,

> (A1 +Ag) +

2 m) (A2 +A422) +

El T2
ﬁﬁ Z—g? X a] (Az2 — A1) +
El
ﬁ(l = B)(@A)(A11 — Azz) + PA=0
A3 s Slaslae K5 5 Agp 5 Agr Apy polie 4l b
s Vb aalas ) 001
(<
31303.8746, + 31303.8746,,+0.106=0 —
(6, + 6p) = —0.0000034 rad
ool My S (6l 3t SVslae o235 L 3 b S
M, = 20905.26, — 11.702
1S s o 503 S5 Sl
M, = —k,0, = —431486, = 11.702 -
0, =1827x10"* - M,=-7.88kN.m
ol () sla Sl sliza L
6, = —1861x10"* > M, = —k,0, = +8.03kN.m
s e 0L 1 Sl58le 5 53 edd ke O i (BT I
ail gbpat 5 (=) JS3 L Gille L cusS e 5l zs >
ol ol Jlasl O gt adin s
sl G S e s Sk ST el
alin Sy s s L () s 3 oS el

RGO P W

Sadse by e sl 5l Jols o =Y g

O siw Jdo— g3lginy
(1 Sk @L:.,' sl @L:.'.
ks
(%) (KN.m) (KN.m)
) —v/8n —V/AA M,
0 +V/AY +A/ Y M,

By 4l 4 5 b el ol eslinad s Slyss slayd
Sl il Hlae U, a5 o8 bl
Jode o oot 4l b Lael SO s, giluad
D I I P
O din e 53 JAUG 5 sl ol ol 0o
Sl S, Sl g3 31 2 Jasl 5l 5 sl 0t Jlasl
odd LS g o 33 a3 DL oS e 5l m 2 o5l sk &
O dbo ol éhﬁ;} Jed sl (=) J88) e
Sl ok il (sl 5 STATIC GENERAL U 415 5|
ST 53 .l ot o3linel BUCKLE U oIS 51 L5
s bl cos sl &2 Jhel Js 4 OB LS
e en 4 50 0 C)b'- ool - 5l OB s JG8LEL
odalin (giluans @Lu' 03 Okl & s LS lad
S s S sbal Blia s U sl U oS b 51355 e
ok NS e 5 Jsl sbads oy olie (ol

el S35

VJke
Al e Ogte olenl la S 05,51 Conds G Jlie ) s
ol sl (0) IS 5 alis (glaesls

Initial A

Out-of- l_‘

plumbness

h=3m

I =0.0003082 m* — °€

E = 210000000 kN/m? 2

Zg = zp = 0.667

a=03cm original
u, = 0.6 cm :

kg, = ky = 43148 kN.m P B

e, = e, =0.005m

P = 5000 kN

A = 89 cm?

v=203 IS P

A Bottom
S s Oyie -0 S

Ma+Ma0a =0, Mb+Mb9b =0,
Mg + My, + PA=0

290 9 ojlw (iling)) g palc i /Ve

W (il 9 )lo) - pgw g Cuuy (50)laud - a3l


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

ools Mg 1 et &) st Jal s 51 ealizad |
M, = 75.246 kN.m
Dol i o 3 S L L o slesl s b s 10
() JK2) 55 0 0 S0l

oMo _ 75.246
279, 0184

Crotar = 408.95 + 150 = 558.95 kN.m

= 40896 kN.m -

B Gy
P
[c’src
A4

S Sl O A S
il e Hlge SU gl LileS doles Sl el b
32(Z, — D)(Zp — 1) —4cosp X [8(Z, — 1)(Z, — 1) +
(Zy+ 24 —22,Z5)@?B] + sing x [-168¢ + (Z, + Zp).

(49 + 16B9) + Z,Z,(Bp* — 8p — 168¢p)] = 0

36279.6 P
p = m = 0.985 JZa =1 g(V)J.)\M: J./\.A)}

o ATLUAY KN w0 5 aslas = 51 5
SL 1, ABAQUS 5 sid ileant B (1) K
JB b wlie a5 e Sl 2o s JSLL dlesl das
Ol 1y b asl ks S (V1) IS8 Lol s Jlasd
4 SG5 Sl el enly OLES Slse L i oS A e
o3 e polis 5 s anslie Culg 3 L s (658 DI

sl o 0als OLES (Y) J).l;-

Sl 5 5 Sl gsledae -4 IS

V17 3go g ojw ¢iltagh g ale aypis

|

(& (<l

Jol Jle O g 5l -1 S

YJke

Jlé.'r).) (V) JQJJ b QY aJ«:S ab‘b QLw.v CJLA}':..L&} g_)\_;

S

E = 210000000 kN/m? C, =150KNm C, =150KNm
1. = 43190 cm* @ 8

B It
Ipm = 23130 cm*
a=0.003m p Py
Ap= 0.006 m 3
GA; =1214325kN/m | ; c
w=0.001 2000m
e =0.005m 3 ']

BL JL“.A ol fl;- )L@.A UG -V Jg.:«

lo e glgnl 5o b sae &S BB 5 o 8 b s L
(els s2e ol sl ol ol 2o L
<9a=9b u*’)-’L’)

M, + M, +PA=0 - 9a=m

:Y'-i‘)b ol 43‘)‘ LSLGJ}AJ_% )‘ oalaul L

A = Ay = 0.0605, Aq, = 4,1 = 0.00061,
z, =z, = 0.9848

jo2sls P =8980.67 kN o5 i s L

=0.926

P
B=1-%a
Lot =PP 29866 - o =8935

=E T p=5

W (il 9 )lo) - pgu g Cuy (50)loud - po>lb


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

4
3
IC i SE’C \
c| ¢,
e
7
3
lrc ? Szfc Y
E;) Cbm
Ve
3
Ic : Szfc Y
A
Fratrs

B Kl Jue VY K
ol s o ol Jalas 5l sl L (B

Ebeamlbeam

Cbeam - (All(beam) - Alz(beam))

Lbeam
A22 39 A12 LA11 LS‘J" ol JSJ 4.]4.0‘) )'l oalanal b \JJ

:V_L)‘é
Kpoam 9714.6
o= g K, 97146+ 150 08> =2
P
B=1-G =09
2 PP 0348 & = 9.669
¢* =g =93 ¢ =9

(old Agy 5 Arp Arp palie Gl ulg o
Ay; = 0.063, A, = —0.00171, A,, = 0.063
Cheam = 2428.65(0.063 + 0.00171) = 157.16 kN. m
e gls 5 L CD Ot L Lop s Jales s
1T e ey (OT) S5 Jsles 53

C
dor e

r}} JbLu: JJA —\Y JS.:

v
(DB: 1-story.odh  Abaqus/Standard 5.14-4  Sun Jun 19 19:57: 10 Iran Daylight Time 2016

l\ y Gtep: Step-1
Mode 1: Eigenvalue = 9.26492E+05
Primary Var: U, Magnitude

Sle 5 53 B SV s -\ e s

—lein Gl s ke leand Sl Jols il =Y Jgar

O 5t Je
Sk
(%) (KN.m) (kN.m)
\ ayYg/ay EAFAVARS P,
YJke

s () UK s 1 of el esls ol clasiin 5 OB
Slie 5 Col o bay oy Siaes i u
oy DBds b 24 Uy Dy Vb 53 UL
el Py o L 0351
Glas Jsle 25 sla s Lol UKL L

els (01 S
C =150KkNm C, =150KNm
D o
P E
E = 210000000 kN /m? 1% aK
— 4 e
I, = 43190 cm ¢ c
Ipm = 23130 cm*
C Pod
u, = 0.003m P s
u, = 0.006 m 1% 3V 3
GAs = 1214325 kN/m? c c| ®
Acorumn = 180.6 Zmz B B
Apeam = 84.5 cm
P P
e =0.005m v AR
S
4 4
. 20.00m .

aw Jle ot Sl Hlee SB VY S

2gd g ojlw ¢ lingfy g cale aypld /Vb

W (il 9 )lo) - pgw g Cuuy (50)laud - a3l



https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

033 8 (Silwand sy S o osbiles a5 das e OLES
5SS ) gt Sl pslie 4 a5 L OT Gl 5L A2

Sle 5 00 Sl gledae Vo Jss

\
V| |

OCB: 3-story.odb Abaqus/Standa"rd 6.14-4

w Step: Step-1 y
Mode 1. Eigen¥alue = 1714868E+06
Primary ¥ar: U, Magnitude

(U5l 1) 133l 5 53 B SVl J5iles -\ s

—algin St 5 sade Sileand 5l Lol il Y g

O g Jo
s ok
(%) (KN.m) (KN.m)
\ VYV ETVA VYOVE/AA P,

S5 a0

LSJJJ'! w‘}n J}ﬁj]a_’)a LSL&&‘}) 4;\_);.;\ ;L}:ﬁ:;é; uﬁl BL

3 S s s Jels el g bl L3 o S

U/ 3Ug0 q ojlw (iogf 9 (olc apis

Cep = EcLDﬁAu(CD)
¢D
3745.92
Bep =1 ~ 1214325 = 0.9969
@ = 2.035

4E1
KCD = T = 36279.6

Z, = Z), = 0.996
Ay = 0016 > C¢p =145.12kN.m
Crotat = 145.12 + 157.16 = 302.28 kN.m

1] (\i)J.ijA.,(y Jsles Jo

B G
P
Ic ’Sr'r:
A

oo dalas Ja -V IS5

Epclpc
Cpc = Loc Ay
B =0.9938
@ = 2.883

Ay = 0001 - Cpe=9.1
CTotal = 166.26 kN.m

ol 0B Slge B (gl e dolas 3l eslizal U
32(Z, — 1)(Z, — 1) —4cosp X [8(Z, — 1)(Z, — 1) +
(Zy + Zg — 2ZpZ)9?B] + sing X [—16B¢ + (Z + Z,).
(49 +16B¢) + ZoZy(Bp* — 8¢ — 168¢)] = 0

018) K& ke s

=0966, Z,=1

4 36279.6
b ™ 36279.6 + 166.26

(10) JK& s o Por, = 1157488 kN & Zuolg o
s e QLIS L5l Loyl OB J

el luand Cad 3 ol S5 e 4 ax g L
.JML.J.: (Y] J_{.ﬂ D3 ek el QLS & s w0

sdd osls L () s s Lo jalie 5 ol alis
s e Ol |y eolgiin bl VL 3 El alis ool
LS Lo el s asls 0L () S s oS lailes
Caand 53 01 s a5 il ol Eo Lolil Sy 4 B

b GBS p3o e (V) IS8 50 s 0als e 5 (3t

W (il 9 )lo) - pgu g Cuy (50)loud - po>lb


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-06 ]

[ DOR: 20.1001.1.1735515.1397.1397.23.2.5]

@-|Ja -1

[1] Wilson, W.M. and Maney, G.A. (1915), “Slope-Deflection
Method”, University of Illinois Engineering Experiment
Station, Bulletin 80.

[2] Norris C.H. and Wilbur J.B. (1960), “Elementary Structural
Analysis”, 2™ Ed., McGraw- Hill Book Co.

[3] Georgios, E.M. and Charis, J.G. (2006), “Buckling Strength of
Multi-Story Sway, Non-Sway and Partially-Sway Frames
with Semi-Rigid Connections”, Journal of Constructional
Steel Research, Vol. 62, No. 9, pp. 893-905.

[4] Chiorean, C.G. and Marchis, L.V. (2017), “A Second-Order
Flexibility-Based Model for Steel Frames of Tapered
Members”, Journal of Constructional Steel Research, Vol.
132, pp. 43-71.

[5] Aristizabal-Ochoa, J.D. (2008), “Slope-Deflection Equations
for Stability and Second-Order Analysis of Timoshenko
Beam-Column Structures with Semi-Rigid Connections”,
Engineering Structures, VVol. 30, No. 11, pp. 2517-2527.

[6] Aristizabal-Ochoa, J.D. (2010), “Second Order Slope
Deflection Equations for Imperfect Beam-Column Structures
with Semi-Rigid Connections”, Engineering Structures, Vol.
32, No. 8, pp. 2440-2454.

[7] Konstantinos, E.K. and Charis, J.G. (2012), “Elastic Buckling
Load of Multi-Story Frames Consisting of Timoshenko
Members”, Journal of Constructional Steel Research, Vol. 71,
pp. 231-244.

[8] Aristizabal-Ochoa, J.D. (2015), “Stability of Imperfect
Columns with Nonlinear Connections under Eccentric Axial
Loads Including Shear Effects”, International Journal of
Mechanical Sciences, Vol. 90, pp. 61-76.

[9] Mario, M.A. (2012), “Dynamic Stability of Shear-Flexible
Beck’s Columns Based on Engesser’s and Haringx’s
Buckling Theories”, Computers and Structures, Vol. 86, No.
21-22, pp. 2042-2055.

[10] Aristizabal-Ochoa, J.D. (2013), “Stability of Imperfect
Slender  Columns  with  Non-Linear  Connections”,
International Journal of Non-Linear Mechanics, Vol. 54, pp.
66-75.

) ODB: 3-story.odb Abagus/Standard 6.14

! .' w Step: Step-1
Made 2! Eigenvalue = 1.14908E+06
Primary Yar: U, Magnitude

VLSl b a0 st oI s sl 0 oLl WS s
s (S el s adyl ek gl Clo asd
03,5 bld b cites ggin Js glsil 5 Wyl oS e
NP3 emsp 3o oS5 oKl B 53 4 Ay Dl
Shl bosa ) Gl gl Cicnd OVl 5 4B S
mleS GL pwie 4 0B OWslae ful Ll sl ey
SVl s o sl gla S s a5 b0 dacls
Soloand bl balyy Como Solg ol Sla g
S LSz kel (o SUT I o 5> il gladlee
J.:.il: b a.lAT C,\MJ\J ‘5‘)‘}5 .h:‘}) ae.,\AT QA.\.»J\.: @L:.; wuﬁ

S o

2gd g ojlw ¢ lfingfy g cale il /U

W (il 9 )lo) - pgw g Cuuy (50)laud - a3l


https://dor.isc.ac/dor/20.1001.1.1735515.1397.1397.23.2.5
https://old.journalisss.ir/article-1-118-fa.html
http://www.tcpdf.org

